Background: There are few large prospective cohort studies evaluating predictors of outcomes in acute pancreatitis. Objectives: The purpose of this study was to determine the role of age and co-morbid disease in predicting major outcomes in acute pancreatitis. Methods: Data points were collected according to a predefined electronic data collection form. Acute pancreatitis and its complications were defined according to the revised Atlanta classification. Univariable and multivariable analyses were conducted using Cox proportional hazard regression and multiple logistic regression. Results: From June 2013-February 2015, 1655 adult patients were recruited from 23 centres across Spain. Co-morbid disease, obesity, open surgical necrosectomy within 30 days, and pancreatic necrosis were independently associated with both 30-day mortality and persistent organ failure (p < 0.05 for all). Age was not associated with persistent organ failure, however the extreme of age (>85 years) was associated with mortality (p < 0.05). Co-morbid disease and obesity were not independently associated with a prolonged length of stay or other markers of morbidity on adjusted analysis (p > 0.05). Conclusion: Comorbidity and obesity are important determinates of mortality and persistent organ failure in acute pancreatitis, but in the absence of organ failure they do not appear to independently contribute to morbidity. This has important implications for severity classification and predictive models of severity in acute pancreatitis.
Introduction
Approximately 70% of patients with acute pancreatitis (AP) have mild disease and are discharged within a week, and only a minority of patients suffer from mortality during admission or develop significant morbidity requiring a longer hospital stay. 1 The key determinants of morbidity and mortality in AP are organ failure (OF) and infected pancreatic necrosis (IPN). While the revised Atlanta classification (RAC) of 2012 defined severe AP as persistent organ failure (POF), the determinant-based classification (DBC) defined the presence of either POF or IPN as severe AP. 2, 3 Despite an exacerbation of comorbid disease being defined as moderately severe AP in the RAC, there is a paucity of data evaluating the impact of comorbid disease on severity in AP. 4, 5 There have been a large number of studies evaluating a host of various clinical markers as predictors of severity in AP. [6] [7] [8] [9] However, the majority of these studies have either been in a single centre, had a small sample size or were derived from large administrative databases, thus suffering from problems with generalisability and reproducibility. In addition, few studies have incorporated comorbid disease into their clinical models when evaluating determinates of severity.
The primary aims of this study were two-fold. Firstly, to evaluate the influence of age, elevated body mass index (BMI), comorbid disease and a number of known predictors of severity on mortality and OF. Secondly, to evaluate the impact of elevated BMI and comorbid disease on both length of stay (LOS) and other markers of morbidity in AP.
Methods
The Atlantis project, a prospective cohort study, was created under the auspices of the Spanish Association of Pancreatology (AESPANC) and the Spanish Association of Gastroenterology (AEG), to ascertain the role of age, obesity and comorbidity on the course of AP as well as to validate and compare the determinants of severity and the severity classifications. The present study is focused on the first aim. The study protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki as reflected in approval from the institutional review board at the principal investigator's centre, Comite´e´tico de investigacio´n clı´nica del Hospital General Universitario de Alicante on 29 June 2014. The study was also approved by the relevant local ethical committee at each centre. Consent by the patient or their healthcare advocate was required for enrolment in the study.
Patients
Adult (!18 years) patients with AP were prospectively enrolled at 23 Spanish centres (20 tertiary referral centres and three community centres) from June 2013-February 2015. AP was defined in accordance with the RAC. 2 Patients with documented chronic pancreatitis were excluded. Each centre had one to two gastroenterologists or surgeons responsible for recruiting the patients and collecting data, and a radiologist, blinded to the clinical course and outcomes, responsible for the description of local complications on computerised tomography (CT) imaging. CT imaging was not pursued in those patients with mild AP (self-limited abdominal pain, absence of clinical and/or laboratory markers of systemic inflammatory response, and successful oral refeeding). We assumed that these patients did not have local complications.
Definitions
Comorbidity was defined according to the Charlson Co-morbidity Index (CCI), age was not included in the score. 10 BMI, OF, transient organ failure (TOF), POF, inpatient mortality and LOS are defined in Supplementary Material Methods.
The radiologists at each centre recorded the presence of parenchymal and extrapancreatic necrosis based on the RAC definitions. IPN was defined as either parenchymal and/or extrapancreatic seen on CT with a positive culture obtained from the (peri) pancreatic bed.
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Interventions were defined as the need for open surgical necrosectomy, transmural endoscopic drainage and/or necrosectomy of (peri) pancreatic collections or radiologically placed percutaneous drain during hospitilization.
Nutritional support was defined as the need for nasoenteric (NE) supplementary feeding or the need for total parenteral nutrition (TPN).
Statistical analysis
Continuous and categorical data were compared between groups using standard parametric and nonparametric tests. Time to event analysis was conducted using the Kaplan-Meier method with log rank testing. Censoring was performed at discharge from hospital. Multivariable Cox proportional hazard regression analyses were performed to evaluate the factors associated with 30-day inpatient mortality and POF. OF was not included in the model for mortality as OF is a known intermediary variable for mortality in AP, thus its inclusion in a mortality models result in an over-adjustment bias. 12 A description of how continuous variables were modelled and how missing data was handled is provided in the supplementary material methods statistical analysis. Multivariable logistic regression analysis was performed to determine the factors associated with a prolonged length of admission (top 25th centile). The results are presented as estimated hazard ratio (HR) or odds ratio (OR) with respective 95% confidence interval (CI) and p values. A two-sided p-value < 0.05 was considered statistically significant. All statistical analyses were performed using Stata version 13 (College Station, Texas, USA).
Results
A total of 1655 adult (!18 years of age) patients were admitted during the study period. Demographic details of the cohort are described in table 1. Patients who died during admission were more likely to be of advanced age and have higher comorbidity (p < 0.05). The median (P25, P75) day of mortality was 7 (5, 12) and onset of POF was 2 (1, 7). Figure 1 represents a histogram for the timing of mortality, onset of POF and onset of any OF.
Of the 70 inpatient deaths, 59 patients had POF, nine had TOF and two died without OF. The cause of mortality in the nine patients who died of TOF is as follows: two patients died of sudden death, two died due to septic shock, one patient has an acute aspiration event, one patient had a stroke, one patient had an acute exacerbation of chronic obstructive lung disease and the cause of death was not reported in two patients. The two patients who did not have OF died of an acute aspiration event with subsequent cardiac arrest and the sudden onset of a fatal cardiac arrhythmia, respectively. These patients were 83 and 91 years old on admission, respectively.
30-Day inpatient mortality
Supplementary Material Figure 1 When the same multivariable Cox model was applied to total inpatient mortality, the model fit was superior for 30-day inpatient mortality as compared to total inpatient mortality (AIC: 592.65 vs 723.77). In addition, there was a violation of the proportional hazards assumption for the total inpatient mortality model (global test based on Schoenfeld residuals, p ¼ 0.049). 
Length of stay
The median (P25, P75) LOS for all patients was 7 (5, 12) days. LOS of ! 13 days was chosen as the cutoff point to mark a prolonged LOS as it represented the top 25th centile for LOS. Prolonged LOS was evaluated with a single and multivariable logistic regression analysis ( Figure 4 and Supplementary Material Table  3 ). The presence of parenchymal necrosis, isolated peripancreatic necrosis, IPN, TOF, POF and the need for endoscopic or surgical intervention and percutaneous drains were associated with a prolonged LOS on both single and multivariable logistic regression analysis (p > 0.05, data not shown). Inpatient mortality was associated with a reduced risk of a prolonged LOS on both single and multivariable logistic regression analysis (p > 0.05). BMI categories and CCI scores were not associated with a prolonged LOS on single or multivariable logistic regression. Age was not associated with a prolonged LOS on single logistic regression, however on multivariable logistic regression only the extreme of age (age>85 years) was positively associated with a prolonged LOS. A sensitivity analysis was performed to evaluating LOS in the cohort of survivors who did not develop TOF, POF or mortality (n ¼ 1419). After adjusting for the variables listed in Supplementary Material Table 3 (excluding: TOF, POF and mortality) BMI and CCI categories were not associated with a prolonged LOS (Supplementary Material Table 4 ).
Need for intervention and presence of pancreatic necrosis
BMI categories, CCI scores and age were not independently associated with the need for intervention or nutritional support on multivariable logistic regression adjusted for each predictor variable in addition to TOF and POF (p > 0.05, data not shown). On simple logistic regression advanced age was associated with a lower prevalence of peripancreatic or parenchymal necrosis on CT (age <55 vs age !85, OR (95% CI) 0.455 (0.279-0.766), p ¼ 0.003). BMI categories and CCI scores were not associated with the prevalence of necrosis on CT on simple logistic regression (p > 0.05, data not shown).
A sensitivity analysis was performed to evaluating interventions in the cohort of survivors who did not develop TOF or POF (n ¼ 1419). After adjusting for the variables listed in Supplementary Material Table 3 (excluding: TOF, POF and mortality), BMI and CCI categories were not associated with the need for intervention or nutritional support (p > 0.05, data not shown).
Discussion
The present study has many important findings. Firstly, comorbid disease, elevated BMI, open surgical necrosectomy within the first 30 days of presentation and pancreatic necrosis are independently associated with both 30-day inpatient mortality and POF, while only the extreme of age (>85 years old) was associated with 30-day inpatient mortality but not POF. Secondly, after adjusting for OF and other markers of morbidity, comorbid disease and elevated BMI were not independently associated with a prolonged LOS, a marker of morbidity.
Comorbidity has been demonstrated to be a strong independent risk factor for mortality and morbidity across both a host of individual medical diagnosis and in unselected patients requiring acute hospital admission. [13] [14] [15] While many tools exist, the CCI is the most extensively utilised clinical tool for assessing the impact of comorbid disease on clinical outcomes. 16 Considering the importance of comorbidity in predicting outcomes for other diseases, there is an overall paucity of literature regarding the role of comorbidity in AP. Apart from the limited recording of comorbid disease in the Acute Physiology and Chronic Health Evaluation II (APACHE II) score, comorbid disease is not incorporated into clinical predictive models of severity in AP. 17 In a study of an administrative database, the individual comorbidities contained within the CCI were found to be associated with mortality and the development of multiorgan failure (MOF) within the first two weeks of admission with AP. 4 This study was limited by it retrospective nature, its reliance on an administrative data base with ICD 9 codes and the lack of utilization of survival analysis. Comorbidity was demonstrated to be a strong independent predictor of 30-day inpatient mortality and POF in the present study with increasing levels of comorbidity being associated with a progressively higher risk of 30-day inpatient mortality and POF.
Obesity is a known validated predictor of mortality, OF and local and systemic complications in patients with AP. 9 Elevated levels of intrapancreatic fat are associated with increased BMI. 18, 19 In addition elevated BMI is associated with elevated visceral fat which surrounds the pancreas. Pancreatic lipase is thought to induce lipolysis in adipocytes resulting in increased unsaturated fatty acids which in turn drives the inflammatory cascade. 20 Obesity is known to be associated with an excess of medical comorbidities. 21 In the present study being overweight or obese was independently associated with an increased risk of POF and being obese was independently associated with 30-day inpatient mortality even after adjusting for other medical comorbidities. This is in keeping with the intrinsic mechanism of lipolysis associated with elevated BMI.
Older age has been studied extensively as a marker of severity and mortality in AP and is incorporated in the APACHE II score, Ranson score, the bedside index of acute pancreatitis (BISAP) score and the Japanese severity score (JSS) as a marker of severity, with an age range of>45 up to>70 years old being associated with adverse clinical outcomes in these scoring systems. 17, 22 Contrary to previously published studies, after adjusting for comorbid disease in the present study, only the very extreme of age (>85 years old) was associated with 30-day inpatient mortality and POF. The likely explanation for this is that advancing age is associated with a higher degree of comorbid diseases, consequently, after adjusting for comorbid disease the relationship between older age and adverse clinical while remaining significant but is no longer as strong. 23 A numerical age does not necessarily reflect a person's underlying health status, a concept embodied by the theory of biological vs chronological age. 24 The International Association of Pancreatology and American Pancreatic Association evidence-based guidelines describe using host risk factors, such as age, co-morbidity and BMI as part of a three-pronged approach in predicting outcomes of AP. The results described within the present study support the use of co-morbidity and BMI for the risk stratification of patients with AP. In order for these host factors to be adequately incorporated into our management of AP, predictive tools that adequately incorporating these variables will need further development. 25 Delaying open surgical necrosectomy has been shown to be associated with a reduction in mortality. 26 This has led to the adoption of a step-up approach where a gradual step up from more minimally invasive interventions to an open surgical necrosectomy is performed if necessary. This has been shown to be associated with a reduction in new onset MOF in a randomised controlled trial. 27 Recent mortality data from an international cohort of nearly 2000 patients supports the use of minimally invasive surgical or endoscopic drainage/debridement procedures over open surgical necrosectomy. 28 The higher risk of 30-day inpatient mortality in patients who have open surgical necrosectomy within 30 days of presentation in the current study further highlights that patients should not undergo early surgical necrosectomy as the standard of care in 2017.
Both isolated peripancreatic necrosis and parenchymal necrosis (AEperipancreatic necrosis) are known predictors of morbidity, POF and mortality in AP, the results of the present study validate these finding. 2, 29 Interestingly, IPN was not associated with 30-day inpatient mortality but was associated with overall hospital mortality, supporting the published literature that deaths due to IPN occur later in the disease. 30 This is an important yet challenging factor to consider when developing clinical predictive models of mortality in AP since assessing 30-day mortality is standard for most diseases, and using total mortality during the entire length of admission to incorporate late mortality events associated with IPN may result in variables violating the assumptions made in survival analysis, as was the case in the present study.
Importantly comorbidity and elevated BMI were not associated with increased LOS or other markers of morbidity on adjusted analysis, incorporating OF. Consequently, co-morbid disease and elevated BMI can be seen to increase hospital morbidity by increasing the risk of OF, but in the absence of OF, co-morbid disease does not increase morbidity ( Figure 5 ). Inclusion of 'exacerbation of co-morbid disease' in the moderate severity of the RAC is potentially redundant, as exacerbation of co-morbid disease resulting in increased morbidity is accounted for by the development of OF which is presently a key component of the RAC. Finally, only the extreme of age was associated with increased LOS. It is possible that increased LOS in this older population may be a surrogate for living alone and needing to be at a more advanced stage in their rehabilitation or have a social support package in place prior to discharge. Data from the UK reports that 50% of the UK population older than 75 years lives alone, while 26% of 65-74 year olds and 16% of 45-64 year olds live alone. 31 From a practical viewpoint, patients older than 85 years are generally not included in clinical trials.
The main strength of the present study is that it is a large multicentre, prospective study that included tertiary and non-tertiary centres with predefined definitions and data collection sheet. Secondly, survival analysis was utilised for the primary analysis, POF and 30-day mortality. In comparison to standard logistic regression which has been used in most epidemiological studies of AP, this type of analysis is more powerful, allows for censoring and is commonly used in epidemiological studies of major disease outcomes and 30-day mortality. 32, 33 Finally, as opposed to using previously published cut off points for age and CCI, these variables were individually modelled in order to achieve the best fit of these variables for this data set. There are a number of limitations in the present study. Imaging data was evaluated by a local radiologist and not a centralised radiologist. Evaluating for the present of peripancreatic and parenchymal necrosis is known to be associated with a high inter-reader variability. 34 However, the results for necrosis are broadly in keeping with the published literature arguing against significant flaws in this data. Lastly, supportive measures such as fluid resuscitation which have been associated with major clinical outcomes were not accounted for. While this may have impacted the results, it does allow for the broad generalisability of the studies current findings.
In conclusion, comorbid diseases, including BMI are significant determinates of POF and mortality in AP and their inclusion in clinical models and predictive scores evaluating major clinical outcomes in AP is important. After accounting for OF, comorbid disease, including BMI is not associated with a prolonged LOS or other markers of morbidity, thus inclusion of 'exacerbation of co-morbid disease' in the moderate severity of the RAC may be redundant.
Summary of the established knowledge on this subject
. Obesity is associated with organ failure in clinical studies of acute pancreatitis and has been shown to be associated with mortality in a meta-analysis. . There is a limited description of the role of co-morbid disease in the development of morbidity, organ failure and mortality in acute pancreatitis.
What are the significant and/or new findings of this study?
. Comorbid disease is independently associated with both organ failure and morality in acute pancreatitis. . Co-morbid disease and obesity are not independently associated with markers of morbidity, including: length of hospital stay, development of necrosis (pancreatic, peripancreatic or infected) and interventions (surgery, endoscopy or percutaneous drains). . Age is not independently associated with persistent organ failure and age is only associated with mortality in the very elderly (>85 years old). Planning the study, conducting the study, collecting and interpreting data and drafting the manuscript: Enrique de_Madaria.
Statistical analysis, collecting and/or 
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